The influence of filler metals used in welding wires on the phase and chemical composition of the metal, which is surfaced to mining equipment exposed to abrasive wear, has been investigated. Under a laboratory environment, samples of Mo-V-B and Cr-Mn-Mo-V wires were made. The performed experiments have revealed that fillers of the Cr-Mn-Mo-V system used in powder wire show better wear resistance of the weld metal than that of the Mn-Mo-V-B system; the absence of boron, which promotes grain refinement in the Mn-Mo-V-B system, significantly reduces wear resistance; the Mn-Mo-V-B weld metal has a finer structure than the Cr-Mn-Mo-V weld metal.
Introduction
Reconditioning of hoppers and chutes, used in coal transportation, can provide longer operational life and increase a service life of mining machinery. Most loaded chutes are hard surfaced using welding cored wires of 40H3G2MF and 40GМFR types with a higher content of expensive tungsten and the wire discussed in [1] [2] [3] [4] [5] [6] . Operating the reconditioned hoppers and chutes shows that the wear of their surfaces is uneven. Chutes during their operation are often exposed to cyclic thermomechanical stresses, corrosion, and abrasive wear. Wear often occurs as stripes that are caused by the presence of weld metal portions having different structures and hardness. The causes of wear that occurs in gutters surfaced using powder wires 40H3G2MF and 40GMFR have been analyzed to indicate that potential of Mo-V-B and Cr-Mn-Mo-V alloys has not been fully realized and is currently under active study. Therefore, it is of interest to study the influence of changes in a chemical composition of expensive components in the system as well the addition of the various components with the purpose of obtaining new properties of weld metal and reducing the cost of cored wire.
Research
The work is aimed at studying the possible use of Mn-Mo-V-B and Cr-Mn-Mo-V alloy systems to hard surface hoppers and chutes designed for coal transportation. Under laboratory conditions, standard samples of flux-cored wire with a 3.6 mm wire in diameter were prepared. The wire was coated with a strip St3, and appropriate powdered materials were used as a filler, wherein amorphous carbon was replaced with carbon-fluorine containing dust, formed after purifying waste gases of Welds were deposited using the AN-26C flux on a plate made of steel St3. X-ray fluorescence spectrometry using a XRF-1800 spectrometer and atomic emission spectrometry using a DFS-71 spectrometer were conducted to determine a chemical composition of the welded layer. The chemical composition of wire samples and similar steels 40H3G2МF and 40GMFR are shown in Tables 1 and  2 . An ASAW-1250 welding machine was used for welding with the following characteristics: I = 390-410 A, U = 226-28 B, V = 20cm/min for all samples. Figure 1a ). The examined test specimen showed the following non-metallic inclusions: non-deformable silicates (grain size number 2b) and spots of oxides (number 2a) (Figure 2a ). The grain size corresponds to numbers 3 and 4 according to the comparison grain size rating chart. The structure of test specimen No. 21.1 comprises ferrite and pearlite; and ferrite is identified not in the form of a separate structural constituent but a grid (Figure 1b ). In this case, there is a high level of content of nonmetallic inclusions. Non-deformable silicates (number 5b and 4b) and spots of oxides (number 2a and 3a) are present as well (Figure 2b) . The grain size corresponds to numbers 5 and 4. Figure 2 . Nonmetallic inclusions in the test specimens Test specimen No.22 has a ferrite-pearlite structure of the Widmannstaetten type (Figure 1c ). This test specimen shows non-deformable silicates (number 2b), spots of oxides (number 1a and 2a) ( Figure 2c ). The grain size corresponds to numbers 4 and 5 according to the comparison chart used to rate grain sizes.
Test specimen No 22.1 is of a ferrite and pearlite structure, but the ferrite constituent is observed in the grid-like form (Figure 1d ). The content of nonmetallic inclusions is higher when compared to the previous specimen: non-deformable silicates (number 3b and 5b), spots of oxides (point 1a) ( Figure  2d ). The grain size corresponds to number 5 and 6. Thus, 40GMFR steel has a finer grain.
The structure in test specimen No. 71 contains medium acicular martensite (number 5) ( Figure 1d ) and a little residual austenite. This test specimen shows non-deformable silicates (number2a and 2b) and spots of oxides (number 1a and 2a) (Figure 2e ). The grain sizes are 6 and 7 according to the comparison grain size chart.
Test specimen No. 72 has a ferrite-pearlite structure of the Widmannstaetten type orientation (Figure 1f ), containing the following non-metallic inclusions: non-deformable silicates (number 2b) and spots of oxides (number 1a) (Figure 2f ). The grain size corresponds to numbers 4 and 5.
Test specimen No.73 is of a ferrite-pearlite structure (the Widmannstaetten type) (Figure 1 g) with the non-metallic elements including non-deformable silicates (number 1b and 4b) and spots of oxides (number 1a) (Figure 2g ). The grain size corresponds to numbers 5 and 4.
Test specimen No. 74 has a ferrite-pearlite structure tending to the Widmannstaetten type ( Figure  1h ). This specimen shows a significant amount of non-metallic inclusions: non-deformable silicates (number 2b) and oxides (number 1a) ( Figure 2h ). The grain size corresponds to numbers 6 and 5 according to the comparison grain size chart.
Conclusions
1. The powder wire of the Cr-Mn-Mo-V system shows higher wear resistance than the powder wire of the Mn-Mo-V-B system. 2. The weld metal of the Mn-Mo-V-B system and 40GMFR steel has a finer grain structure than the weld metal of the Cr-Mn-Mo-V system and 40H3G2MF steel. 
